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Recently, many researchers focus on the integration of single photon sources on an optical chip toward the 
realization of large-scale quantum information processing. Identical single photons are required to obtain good 
interference between photons for quantum information processing, for which high “spectral purity” of single photons 
is required. An appealing scheme is employing the spontaneous four-wave mixing (SFWM) in a silicon micro-ring 
resonator (MRR) because it allows us to generate high-purity photons without external spectral filters. However, the 
purity value is limited to 0.92 due to the dispersion property of an MRR We have developed a new scheme to further 
increase the spectral purity from an MRR by manipulating the spectral phase distribution of the pump pulse. Via 
exploring several strategies on the spectral phase modulation, we found that the purity of single photon can be 
increased up to approximately 0.96 breaking the conventional limitation of 0.92 in a standard MRR. We further 




Compact, high purity single photon source is a 
crucial tool for photonic quantum technologies. We can 
obtain spectrally pure heralded single photons from a 
silicon micro-ring resonator (MRR) via the 
spontaneous four-wave mixing (SFWM). Silicon 
exhibits a strong third-order nonlinearity. Together 
with the resonance enhancement of the optical field in 
MRR, silicon waveguide provides a compact and 
efficient method for generating photon pairs. However, 
the spectral purity P of photons generated from a 
standard MRR is limited to 0.921). To solve the issue, 
researchers proposed to improve the spectral purity by 
optimizing the pump pulse using the dual pulse2). 
Others suggested substituting dual-channel 
interferometric coupling scheme for the standard 
structure of resonator3). However, they need to solve 
the issue of losing generation efficiency. Here we 
propose a simpler scheme, where we can increase the 
spectral purity by solely manipulating the spectral 
phase distribution of a pump pulse. 
 
2. Joint spectra amplitude (JSA) and spectral 
purity of correlated photons 
JSA describes the frequency correlation of the 
generated photon pairs. For an MMR-based photon 
pair source point-coupled to a channel waveguide, the 
joint spectrum can be defined as 
𝑆𝑆�𝜔𝜔�,𝜔𝜔�� = 𝐹𝐹��𝜔𝜔� +𝜔𝜔��𝑙𝑙��𝜔𝜔��𝑙𝑙��𝜔𝜔��, 
where, 
𝐹𝐹�(𝜔𝜔) = ∫ 𝑑𝑑𝜔𝜔�𝛼𝛼�(𝜔𝜔�)𝛼𝛼�(𝜔𝜔 𝜔 𝜔𝜔�)𝑙𝑙�(𝜔𝜔�)𝑙𝑙�(𝜔𝜔 𝜔 𝜔𝜔�). 
𝜔𝜔� , 𝜔𝜔�  and 𝜔𝜔�  denote angular frequencies of the 
pump, signal and idler photons, respectively. lj(ω) (j = 
p, s, i ) is the spectral amplitude of MRR, which is the 
square root of the Lorentzian function including the Q 
value at resonance modes in use. Fp(ω) is the effective 
(two-photon) pump pulse amplitude coupled to the 
MMR. The purity P is a measure of how mixed a 
system is. For a pure state P = 1. We can calculate P 
the heralded single-photon using the Schmidt 
decomposition of the JSA. For an MRR with equal 
quality factors, pumped with a Gaussian pulse we find 
that the maximum P = 0.92. The pump pulse spectrum 
distributed along the diagonal leads to the widen of the 
JSA an asymmetric pattern which decrease the purity a 
not 1, showed as Fig. 1(a). 
 
3. Pump phase optimization methods for 
improving the spectral purity 




|𝛼𝛼�()|e���(�) . We attempt to optimize the spectral 
phase 𝛷𝛷(𝜔𝜔) using in two strategies to improve the 
purity of the single photon source. The first method is 
to do Taylor series expansion on the spectral phase 
component of pump pulse. We can express spectral 
phase as a Taylor series expansion around the carrier 
frequency ω0 of the pulse as 𝛷𝛷(𝜔𝜔) = ∑ 𝛷𝛷�(𝜔𝜔 𝜔����
𝜔𝜔�)� , then explore the possibility of improving the 
purity by scanning parameters �𝛷𝛷��. Another strategy 
is to discretize frequency 𝜔𝜔 into N small frequency 
bins and optimize the phases 𝛷𝛷� to 𝛷𝛷� assigned to 
each bin. With the limited value of N for the simulation, 
the two schemes enable us to explore distinct state 
spaces. of the pump spectral phase which references to 
a generally searching algorithm in computer science 
named brute-force search or exhausted search. Assume 
the phase of the light 𝛷𝛷(𝜔𝜔) is an arbitrary distribution 
then, divide the frequency range of the effective pump 
region into n small regions. Assign parameters 𝛷𝛷� to 
𝛷𝛷� to those divided frequency regions. The range of 
each 𝛷𝛷 is ±π. 
 
4. Results  
In our simulation, we chose 3×104 as the resonator 
Q and 6.5 ps as the temporal width of the pump pulse. 
We used the Simplex method and the simulated 
annealing as the numerical optimization algorithm with 
1/P as the cost function.  
With the Taylor expansion method, for N = 10, we 
have obtained the maximum purity to be 0.96. By using 
frequency discretization, the results indicate that the 
purity is improved to be 0.97 when N = 100. We show 
the optimized JSA obtained with the latter in Fig. 1(b). 
We see that the diagonal part due to the pump pulse and 
the resonance is vanished after manipulation, which 
leads to the pattern showing more center symmetry 
distribution. 
From the existing simulation results, we can 
conclude that by manipulating the pump phase, the 
phase of effective pump 𝐹𝐹�(𝜔𝜔) at around the center 
frequency of ring resonator was tailored appropriately. 
Both amplitude and phase contributed on increasing 
the purity up to 0.97. 
According to the results, we explore the possibility 
to implement the method experimentally by using 
general phase modulation scheme. The most powerful 
method is to use a device that enables arbitrary phase 
modulation of the optical pulses, such as the 4-f system 
with a liquid crystal phase shifter. Such system is 
commercially available, such as WaveShaper (Finisar, 




We investigated a method to improve the spectral 
purity of photons generated from an MRR by simply 
manipulating the spectral phase of the pump pulse. The 
spectral purity can be improved up to 0.97 in the range 
of our numerical optimization because of the phase of 
effective pump 𝐹𝐹� at around the center frequency of 
ring resonator was tailored appropriately. 
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Fig. 1. (a) JSA of an MMR with the unchirped pump 
pulse, P = 0.92. (b) JSA after the pump phase 
optimization, P = 0.97. The frequencies are 
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